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Weak quasielastic electroproduction of hyperons with polarization observables
F. Akbar,1 M. Sajjad Athar,1, ∗ A. Fatima,1 and S. K. Singh1
1Department of Physics, Aligarh Muslim University, Aligarh-202002, India
With the availability of high luminosity electron beam at the accelerators, there is now the possi-
bility of studying weak quasielastic hyperon production off the proton, i.e. e−p→ νeY (Y = Λ,Σ
0),
which will enable the determination of the nucleon-hyperon vector and axial-vector transition form
factors at high Q2 in the strangeness sector and provide test of the Cabibbo model, G-invariance,
CVC, PCAC hypotheses and SU(3) symmetry. In this work, we have studied the total cross section,
differential cross section as well as the longitudinal and perpendicular components of polarization
of the final hyperons (Λ and Σ0 produced in these reactions) and presented numerical results for
these observables and their sensitivity to the transition form factors.
PACS numbers: 12.15.Ji, 13.88.+e, 14.20.Jn, 14.60.Cd
I. INTRODUCTION
The study of weak interaction processes at high energy and momentum transfers is done with the experiments
performed using neutrino and antineutrino beams. The interpretation of these experiments to understand the QCD
structure of nucleons and extract various parameters of weak interaction phenomenology suffers from the systematic
uncertainties arising due to the lack of well-understood (anti)neutrino flux and the nuclear medium effects due to
the presence of heavy nuclear targets used in the large volume detectors. An extensive discussion of these systematic
uncertainties and theoretical attempts to model them exists in the literature [1–3]. The presence of these systematic
uncertainties can be eliminated if the monoenergetic beams of the charged lepton probes can be used with the proton
as the target to study the weak interaction processes.
The study of such processes has been proposed almost 50 years back but has not been seriously pursued due to the
very small cross sections making it difficult to observe them experimentally [4]. Theoretically, there have been very
few calculations to study the weak interaction processes induced by the electrons and they have been limited to the
study of the quasielastic processes in the ∆S = 0 sector at very low energies from the nuclear targets relevant for the
astrophysical applications [5, 6]. In the high energy region the study of weak inelastic excitations of ∆ and N∗ in the
∆S = 0 sector [7–15] and the quasielastic production of hyperons in the |∆S| = 1 sector induced by the electrons on
the protons have been studied in the recent past [16–19].
It has been shown in these studies that with the availability of high luminosity unpolarized and polarized electron
beams as well as the unpolarized and polarized proton targets there is the possibility of performing electron scattering
experiments to study the weak processes in the charged and neutral current sectors at high energy and momentum
transfers. Indeed, the polarized electrons have been used for the last many years to study the weak interaction processes
which have been, however, limited to the neutral current sector. The study of the parity violating asymmetry in the
scattering of polarized electrons from the proton targets has provided important information about the vector and
axial-vector neutral current coupling of the electrons to the quarks in the DIS processes [20–27] and the N − ∆
transition form factors in the inelastic processes [7–15] as well as the presence of strangeness in the nucleon form
factors in the quasielastic processes [28–32]. However, no experimental attempts have been made to study the weak
processes induced by the high energy electrons in the charge current sector.
With the luminosity of 1039 − 1040/cm2/s of the electron beam which may be presently available at JLab [33, 34]
and MAMI [35], it should be possible to study the weak production of ∆ and hyperons (Λ and Σ).
Although the hyperon production is suppressed as compared to the ∆ production by a factor of tan2θc where θc
is the Cabibbo angle, it could be important in the energy region close to the threshold of ∆ production where the
∆ production cross section is small due to the threshold effects. It would be, therefore, interesting to quantitatively
study the kinematic region where the hyperon production becomes significant specially in the low energy region of
electrons. At higher electron energies, the weak hyperon production is overwhelmed by the electromagnetic associated
production of Λ(Σ0), i.e. e− + p −→ e− + Λ(Σ0) + K+, which happens at the electron energies above the energy
corresponding to the threshold of associated particle production processes. However, the weak quasielastic production
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FIG. 1: Feynman diagram for the process e−(k) + p(p)→ νe(k
′) + Y (p′), where Y stands for final hyperon. The quantities in
the bracket represent four momentum of the corresponding particles.
of Λ is clearly distinguishable from the associated electroproduction of Λ as it produces no electron in the final state
but only the hadronic states of the nucleons and the pions through its decay products. Therefore, in this energy region
the pion production without electrons is a clear signal of weak production of Λ and ∆ in the final state. However,
the electron induced weak production of pions can be seen even at lower energies corresponding to the threshold
production of pions through the processes e− + p −→ ν + n + pi+ and e− + p −→ ν + p + pi0 which take place
through the nonresonant processes mediated by pions and nucleons as well as the contact term required by the gauge
invariance. As the energy increases, the nonresonant and the resonant production along with Λ production contribute
to the weak pion production. The low energy weak production of pions in the threshold region is an important topic
in itself and provides valuable information about the electroweak multipoles [36, 37]. However, this has not been
studied in the case of threshold weak pion production induced by electrons and is beyond the scope of the present
work.
In the case of quasielastic reactions whenever the Λ and Σ0 hyperons are produced by the charged current inter-
action, the observation of the differential cross section and the polarization of final hyperons can yield important
information about the nucleon-hyperon transition form factors and enable the study of the applicability of Cabibbo
model, G-invariance, T-invariance and SU(3) symmetry at high Q2 in the strangeness sector. This would extend our
understanding of the weak interaction phenomenology in the strangeness sector to high Q2 which is presently available
only at very low Q2 from the study of semileptonic decays of hyperons [38–40]. The observation of hyperons in the
final state through its decay products, i.e. Λ/Σ −→ Npi, and the structure of the angular distribution of pions will
give information about the polarization of hyperons. The polarization observables of the hyperons produced in the
quasielastic reactions induced by ν¯µ are shown to be more sensitive to the weak axial form factors [41–47].
In view of the above discussion, we have studied in this paper the total cross section, differential cross section and
the polarization observables of the final hyperons produced in
e− + p −→ Λ(Σ0) + νe (1)
reactions and their sensitivity on the nucleon-hyperon transition form factors.
In section-IIA, the formalism to calculate the quasielastic weak hyperon production cross section and the expressions
for the differential cross section ( dσ
dQ2
), longitudinal (PL(Q
2)) and perpendicular (PP (Q
2)) components of the hyperon
polarization are given. In section-IIB, we have given in brief the formalism to calculate the ∆0 production cross
section for the electron on the proton target. In section-III, we have presented the numerical results for the total
cross section (σ), angular ( dσ
dΩ) and Q
2 ( dσ
dQ2
) distributions and compared the results for the Q2 distribution and σ
for the Λ(Σ0) productions with the corresponding results for the ∆0 production. We have presented the numerical
results for the longitudinal PL(Q
2) and perpendicular PP (Q
2) polarization components of Λ/Σ0 and discussed their
sensitivity to the nucleon–hyperon transition from factors. All the numerical calculations have been performed in the
lab frame, i.e., assuming the nucleon to be at rest. Our findings are summarized in section-IV.
3II. FORMALISM
A. e− + p→ νe + Y process
1. Cross section
The general expression of the differential cross section corresponding to the process presented in Fig. 1 may be
written as
dσ =
1
(2pi)2
1
4ELe mN
δ4(k + p− k′ − p′)
d3k′
2Ek′
d3p′
2Ep′
∑∑
|M|2, (2)
where ELe is the electron energy in the lab frame and the square of the transition matrix element is defined in terms
of the leptonic (Lαβ) and hadronic (J
αβ) tensors:
∑∑
|M|2 =
G2F sin
2 θc
2
J αβLαβ . (3)
In the above expression, GF is the Fermi coupling constant. The hadronic and leptonic tensors are given by
Jαβ =
1
2
Tr
[
Λ(p′)JαΛ(p)J˜β
]
(4)
Lαβ =
1
2
Tr
[
γα(1 − γ5)(k/ +me)γ
β(1− γ5)k
′/
]
, (5)
with J˜β = γ
0J†βγ
0 and Λ(p) = p/+mp.
Jα is the hadronic current operator given by
Jα = Vα −Aα, (6)
where
Vα = γαf
NY
1 (Q
2) + iσαβ
qβ
mN +mY
fNY2 (Q
2) +
qα
mN +mY
fNY3 (Q
2), (7)
and
Aα = γαγ5g
NY
1 (Q
2) + iσαβγ5
qβ
mN +mY
gNY2 (Q
2) +
qα
mN +mY
gNY3 (Q
2)γ5. (8)
mN and mY are the masses of the initial and final baryons, and qµ(= kµ − k
′
µ = p
′
µ − pµ) is the four momentum
transfer with Q2 = −q2, Q2 ≥ 0.
Using the above definitions, the Q2 distribution is written as
dσ
dQ2
=
1
64pim2NE
L
e
2
∑∑
|M|2. (9)
In Eq. (9), |M|2 is calculated using Eq. (3) assuming the absence of the second class currents and neglecting the
contribution from the pseudoscalar term due to the small mass of the electron. The transition form factors fNYi (Q
2)
and gNYi (Q
2) (i = 1− 3), appearing in Eqs. (7) and (8), respectively, are determined using the conservation of vector
current (CVC), the partial conservation of axial current (PCAC), the principles of T–invariance and G–invariance
and the SU(3) symmetry.
2. Form Factors
The six form factors fNYi (Q
2) and gNYi (Q
2) (i = 1− 3) are determined using the following assumptions about the
vector and axial vector currents in the weak interactions:
a) The assumption of the T–invariance implies that all the form factors fNYi (Q
2) and gNYi (Q
2) given in Eqs. (7)
and (8), respectively, are real.
4b) The assumption of the SU(3) symmetry of the weak hadronic currents implies that the vector and axial vector
currents transform as an octet under the SU(3) group of transformations.
Since the initial and final baryons also belong to the octet representation, therefore, each form factor fNYi (Q
2)
(gNYi (Q
2)) occurring in the matrix element of the vector (axial vector) current is written in terms of the two
functions D(Q2) and F (Q2) corresponding to the symmetric octet(8S) and antisymmetric octet(8A) couplings
of octets of vector (axial vector) currents. Specifically, we write
fNYi (Q
2) = aFVi (Q
2) + bDVi (Q
2), (10)
gNYi (Q
2) = aFAi (Q
2) + bDAi (Q
2), (11)
where a and b are SU(3) Clebsch-Gordan coefficients given in Table-I. FV,Ai (Q
2) and DV,Ai (Q
2) are the couplings
corresponding to the antisymmetric and symmetric couplings of the two octets.
c) For the determination of the vector form factors we have assumed the CVC and SU(3) symmetry which lead to
fNY3 (Q
2) = 0. Further, the remaining two vector form factors viz. fNY1 (Q
2) and fNY2 (Q
2) are determined in
terms of the electromagnetic form factors of the nucleon, i.e. fN1 (Q
2) and fN2 (Q
2). This is done by taking the
matrix element of the electromagnetic current operator between the nucleon states and determining FVi (Q
2) and
DVi (Q
2) in terms of the electromagnetic form factors fNi (Q
2) (i = 1, 2) of the nucleon. The functions FVi (Q
2)
and DVi (Q
2), (i = 1, 2) are thus expressed in terms of the nucleon form factors fp,n1 (Q
2) and fp,n2 (Q
2) as
FVi (Q
2) = fpi (Q
2) +
1
2
fni (Q
2), (12)
DVi (Q
2) = −
3
2
fni (Q
2). (13)
The vector form factors fNYi (Q
2), i = 1, 2 are derived using Eq. (10) and are tabulated in Table-II.
d) In the axial vector sector, the form factor gNY2 (Q
2) vanishes due to G–invariance, T–invariance and SU(3)
symmetry. The axial vector form factor gNY1 (Q
2) is determined from Eq. (11). We write the axial vector form
factor gNY1 (Q
2) in terms of two functions FA1 (Q
2) and DA1 (Q
2). Using Table-I for the coefficients a and b, we
find
gpΛ1 (Q
2) =
√
1
6
(
3FA1 (Q
2) +DA1 (Q
2)
)
,
gpΣ
0
1 (Q
2) =
√
1
2
[
DA1 (Q
2)− FA1 (Q
2)
]
, (14)
which are rewritten in terms of the axial vector form factor gnpA (Q
2)(= FA1 (Q
2) + DA1 (Q
2)) for the n − p
transition and are given in Table-II with x(Q2) defined as
x(Q2) =
FA1 (Q
2)
FA1 (Q
2) +DA1 (Q
2)
. (15)
We further assume that FA1 (Q
2) and DA1 (Q
2) have the same Q2 dependence, such that x(Q2) becomes a constant
and is given by x =
FA
1
(0)
FA
1
(0)+DA
1
(0)
. For gnpA (Q
2), a dipole parameterization has been used
gnpA (Q
2) = gA(0)
(
1 +
Q2
M2A
)−2
, (16)
where MA is the axial dipole mass and for the numerical calculations we have used MA = 1.026 GeV [48]. The
axial charge gA(0) = 1.2723 and x = 0.364 [38] are determined from the experimental data on the β decay of
neutron and the semileptonic decay of hyperons.
5p→ Λ p→ Σ0 p→ n
a −
√
3
2
−
1√
2
1
b −
√
1
6
1√
2
1
TABLE I: Values of the coefficients a and b given in Eqs. (10) and (11).
e−p→ νeΛ e
−p→ νeΣ
0
fNY1 (Q
2) −
√
3
2
f
p
1
(Q2) − 1√
2
[
f
p
1
(Q2) + 2fn1 (Q
2)
]
fNY2 (Q
2) −
√
3
2
f
p
2
(Q2) − 1√
2
[
f
p
2
(Q2) + 2fn2 (Q
2)
]
gNY1 (Q
2) − 1√
6
(1 + 2x)gA(Q
2) 1√
2
(1− 2x)gA(Q
2)
TABLE II: Vector and axial vector from factors for e−(k) + p(p)→ νe(k
′) + Y (p′) processes.
3. Polarization of hyperons
Using the covariant density matrix formalism, the polarization 4-vector(ξτ) of the final hyperon produced in reac-
tion (1) is written as [49]
ξτ =
Tr[γτγ5 ρf (p
′)]
Tr[ρf (p′)]
, (17)
where the final spin density matrix ρf (p
′) is given by
ρf (p
′) = LαβΛ(p′)JαΛ(p)J˜βΛ(p
′). (18)
Using the following relations [50, 51]:
Λ(p′)γτγ5Λ(p
′) = 2mY
(
gτσ −
p′τp′σ
m2Y
)
Λ(p′)γσγ5 (19)
and
Λ(p′)Λ(p′) = 2mYΛ(p
′), (20)
ξτ defined in Eq. (17) may be rewritten as
ξτ =
(
gτσ −
p′τp′σ
m2Y
) LαβTr [γσγ5Λ(p′)JαΛ(p)J˜β
]
LαβTr
[
Λ(p′)JαΛ(p)J˜β
] . (21)
Note that in Eq. (21), ξτ is manifestly orthogonal to p′τ , i.e. p′ · ξ = 0. Moreover, the denominator is directly related
to the differential cross section given in Eq. (9).
With J αβ and Lαβ given in Eqs. (4) and (5), respectively, an expression for ξ
τ is obtained. In the lab frame where
the initial nucleon is at rest, the polarization vector ξ is calculated to be a function of 3-momenta of incoming electron
(k ) and outgoing hyperon (p′), and is given as
ξ =
[
k α(Q2) + p ′β(Q2)
]
, (22)
where the expressions of α(Q2) and β(Q2) are given in the appendix.
From Eq. (22), it follows that the polarization vector lies in the scattering plane defined by k and p ′, and there is
no component of polarization in a direction orthogonal to the scattering plane. This is a consequence of T–invariance
which makes the transverse polarization in a direction perpendicular to the reaction plane vanish [44, 46]. We now
expand the polarization vector ξ along the two orthogonal directions, eL and eP in the reaction plane corresponding
to the longitudinal and perpendicular directions, to the momentum of hyperon i.e.
eL =
p′
|p′|
, eP = eL × eT , where eT =
p′ × k
|p′ × k|
, (23)
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and write
ξ = ξPeP + ξLeL, (24)
such that the longitudinal and perpendicular components of the polarization vector (ξ) in the lab frame are given by
ξL(Q
2) = ξ · eL, ξP (Q
2) = ξ · eP . (25)
From Eq. (25), the longitudinal PL(Q
2) and perpendicular PP (Q
2) components of the polarization vector defined in
the rest frame of the initial nucleon are given by [50, 51]
PL(Q
2) =
mY
Ep′
ξL(Q
2), PP (Q
2) = ξP (Q
2), (26)
where mY
Ep′
is the Lorentz boost factor along p′. With the help of Eqs. (22), (23), (25) and (26), the longitudinal
component PL(Q
2) is calculated to be
PL(Q
2) =
mY
Ep′
(
α(Q2)k · p ′ + β(Q2)|p ′|2
|p ′| J αβLαβ
)
, (27)
where Ep′ =
√
|p′|2 +m2Y . Similarly, the perpendicular component PP (Q
2) of the polarization 3-vector is given as
PP (Q
2) =
(k · p′)2 − |k|2|p ′|2
|p ′||p′ × k| J αβLαβ
α(Q2). (28)
B. e− + p→ νe + ∆
0 process
In order to compare the cross section for the hyperon production with the cross section for the ∆0 production,
produced in the reaction
e−(k) + p(p)→ νe(k
′) + ∆0(p′), (29)
we give the expression for the differential cross section for the ∆0 production as [7]
dσ
dQ2
=
1
16pi2
∫
d|p′|
|p′|
E2eEνe
Γ∆(W )
2
(W −M∆)2 +
Γ 2
∆
(W )
4
∑∑
|M|2. (30)
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In the above expression
∑∑
|M|2 =
G2F
2 cos
2 θc Lµν J
µν , where the leptonic tensor Lµν is given in Eq. (5) and the
hadronic tensor Jµν = 12Tr
[
( 6p+mN )
2mN
O˜αµPαβO
βν
]
. The hadronic tensor is obtained by using the expression for the
hadronic current jµ as
< ∆(p′)|jµ|p(p) >= Ψ¯β(p
′)Oβµu(p). (31)
In the above expression u(p) is the Dirac spinor for the proton and Ψβ is a Rarita-Schwinger field for spin-
3
2 particle.
Oβα is the N −∆ transition vertex, which is described in terms of the vector(CVi (q
2)) and the axial vector(CAi (q
2))
transition form factors with Oβα = OβαV +O
βα
A , which are given by
OβαV =
(
CV3 (q
2)
mN
(gαβ 6q − qβγα) +
CV4 (q
2)
m2N
(gαβq · p′ − qβp′α) +
CV5 (q
2)
m2N
(gαβq · p− qβpα)
)
γ5 (32)
and
OβαA =
(
CA4 (q
2)
mN
(gαβ 6q − qβγα) + CA5 (q
2)gαβ +
CA6 (q
2)
m2N
qβqα
)
. (33)
For the numerical calculations, we have taken the parameterization of Lalakulich et al. [52] for CVi (Q
2) and CAi (Q
2):
CVi (Q
2) = CVi (0)
(
1 +
Q2
M2V
)−2
Di, i = 3, 4, 5, (34)
with CV3 (0) = 2.13, C
V
4 (0) = −1.51 and C
V
5 (0) = 0.48,
D3,4 =
(
1 +
Q2
4M2V
)−1
and
D5 =
(
1 +
Q2
0.776M2V
)−1
; MV = 0.84 GeV (35)
and
CAi (Q
2) = CAi (0)
(
1 +
Q2
M2A
)−2(
1 +
Q2
3M2A
)−1
;
MA = 1.026 GeV (36)
for i = 3, 4, 5, 6 with CA3 (0) = 0, C
A
4 (0) = −0.25 C
A
5 (0), C
A
5 (0) = −1.2 and C
A
6 (0) =
m2N
(m2pi+Q
2)C
A
5 (0).
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−p→ νeΣ
0 (lower panel) at ELe = 0.5 GeV (left
panel), ELe = 1 GeV (right panel). The results are presented for different values of MA viz. 0.9 GeV (solid line), 1.026 GeV
(dashed line), 1.1 GeV (dash-dotted line) and 1.2 GeV (dotted line).
Pαβ is the spin-3/2 projection operator given by
Pαβ = −(
6p′ +M∆
2M∆
)
(
gαβ −
2
3
p′αp
′
β
M2∆
+
1
3
p′αγβ − p
′
αγβ
M∆
−
1
3
γαγβ
)
, (37)
and the delta decay width Γ is taken as the energy dependent P -wave decay width given by
Γ∆(W ) =
1
6pi
(
fpiN∆
mpi
)2
M∆
W
|qcm|
3, (38)
where the N−∆ coupling constant fpiN∆ = 2.127, mpi is the pion mass, |qcm| is the pion momentum in the rest frame
of the resonance and is given by
|qcm| =
√
(W 2 −m2pi −M
2
N)
2 − 4m2piM
2
N
2W
,
with W [(mN +mpi) ≤W < 1.4 GeV] as the center-of-mass energy.
III. RESULTS AND DISCUSSION
We have used Eq. (2) for the calculation of the total cross section σ(ELe ) and the differential cross sections (
dσ
dQ2
and dσ
dΩ), and Eqs. (27) and (28) for the longitudinal PL(Q
2) and perpendicular PP (Q
2) components of polarization,
respectively, for the processes e−p → νeΛ and e
−p → νeΣ
0. The form factors are given in Table-II. For the vector
nucleon form factors, we have used the parameterization of Bradford et al. [53]. A dipole parameterization for the
nucleon axial vector form factor with the dipole mass MA = 1.026 GeV [48] has been used. For the ∆
0 production
cross section, we have used Eq. (30) with the form factors defined in Eqs. (34) –(36) and integrated over the angles
to get the total cross section (σ(∆)).
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FIG. 8: PL(Q
2) and PP (Q
2) vs. Q2 for the process e−p→ νeΛ at E
L
e = 0.5 GeV (left panel), E
L
e = 1 GeV (central panel) and
ELe = 1.5 GeV (right panel). The results are presented for different values of MA viz. 0.9 GeV (solid line), 1.026 GeV (dashed
line), 1.1 GeV (dash-dotted line) and 1.2 GeV (dash–double-dotted line).
In Fig. 2, we have presented the results of σ vs. ELe for Λ, Σ
0 and ∆0 productions. In the inset of Fig. 2, we have
also presented the results for the ratio R(ELe ) =
σY
σ∆0
, for Y = Λ and Σ0 productions. We observe that for energies
ELe < 0.4 GeV, the Λ production cross section is more than the ∆
0 production which reduces to ∼ 24% of the ∆0
production for ELe ∼ 0.6 GeV and ∼ 16% for E
L
e = 1 GeV. Thus, in the low electron energy range, the hyperons
(Λ,Σ0) give considerable contribution to the total cross section along with the ∆0 production process. The hyperon
and ∆0 produced in these reactions decay to pion and nucleon. These particles may be observed in coincidence. With
the availability of the high luminosity electron beam (say 1039/cm2/s), we may be able to observe ∼ 665 events for
the ∆0 production and ∼ 248 and 20 events for Λ and Σ0 productions in the duration of 1 hour for 0.5 GeV electron
energy, while almost the same number of events ∼ 150 for Λ and ∆0 productions at ELe = 0.4 GeV.
To see the dependence of σ on the axial dipole mass MA, in Fig. 3, we have shown the results with MA=0.9, 1.026,
1.1 and 1.2 GeV [54–56]. We find that the Λ production cross section has larger sensitivity to MA than the Σ
0
production cross section. It should be possible to determine the value of MA in the strangeness sector by observing
the total Λ production in the energy range of 0.8< ELe <2 GeV.
In Fig. 4, we have presented the results for dσ
dQ2
vs. Q2 at different values of the electron energies viz. ELe =0.4,
0.8 and 1.2 GeV, for Λ, Σ0 and ∆0 productions. In the threshold region, at very low Q2, there is almost equal
contribution from the Λ and ∆0 productions. For Q2 > 0.1 GeV2 there is a sharp fall in the ∆0 production cross
section, whereas the Λ production cross section decreases slowly, similar to e−p → νen reaction. At E
L
e = 0.8 GeV,
the Λ cross section is ∼ 10–30 % of the ∆0 cross section in the low Q2 region.
In Fig. 5, we have presented the results for the angular distribution dσ
dΩ for Λ and Σ
0 in e−p→ νeΛ and e
−p→ νeΣ
0
reactions at different electron energies ELe =0.5, 1, 2 and 5 GeV. In general, the nature of the angular distribution
is qualitatively similar at these energies. However, the peak shifts towards the smaller angles at lower ELe . We find
that (not shown here) for e−p → νeΛ process, the major contribution to the cross section comes from g
2
1(Q
2) and
f21 (Q
2) terms. Quantitatively, the contribution of g21(Q
2) is larger at the smaller angles while the contribution from
f21 (Q
2) is larger in the peak region. The contributions of the interference terms like f1(Q
2)g1(Q
2) and f2(Q
2)g1(Q
2)
are almost of the same strength. The contribution from the f1(Q
2)f2(Q
2) term is almost of equal strength at the
smaller angles but becomes almost an order of magnitude smaller in the peak region as compared to the contribution
11
0 0.05 0.1 0.15 0.2
Q2 (GeV2)
-1
-0.9
-0.8
-0.7
-0.6
-0.5
P
L
 
(Q
2
)
MA = 0.9 GeV
MA = 1.026 GeV
MA = 1.1 GeV
MA = 1.2 GeV
0 0.2 0.4 0.6 0.8 1
Q2 (GeV2)
-1
-0.9
-0.8
-0.7
-0.6
-0.5
P
L
 
(Q
2
)
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8
Q2 (GeV2)
-1
-0.9
-0.8
-0.7
-0.6
-0.5
-0.4
P
L
 
(Q
2
)
0 0.05 0.1 0.15 0.2
Q2 (GeV2)
0
0.1
0.2
0.3
0.4
0.5
0.6
P
P
 
(Q
2
)
0 0.2 0.4 0.6 0.8 1
Q2 (GeV2)
0
0.1
0.2
0.3
0.4
0.5
0.6
P
P
 
(Q
2
)
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8
Q2 (GeV2)
0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
P
P
 
(Q
2
)
FIG. 9: PL(Q
2) and PP (Q
2) vs. Q2 for the process e−p → νeΣ
0 at ELe = 0.5 GeV (left panel), E
L
e = 1 GeV (central panel)
and ELe = 1.5 GeV (right panel). The results are presented for different values of MA viz. 0.9 GeV (solid line), 1.026 GeV
(dashed line), 1.1 GeV (dash-dotted line) and 1.2 GeV (dash–double-dotted line).
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FIG. 10: The results are presented for PL(E
L
e ) (left panel) and PP (E
L
e ) (right panel) vs. E
L
e using Eq. (39) for the process
e−p→ νeΛ at MA = 1.026 GeV (solid line) and 1.2 GeV (dash-dotted line), and for e
−p→ νeΣ
0 at MA = 1.026 GeV (dashed
line) and 1.2 GeV (dotted line).
of the vector-axial vector interference terms. For the process e−p→ νeΣ
0, it is the f22 (Q
2) term which dominates at
the smaller angles followed by the g21(Q
2) and f21 (Q
2) terms. However, in the peak region, the f21 (Q
2) term dominates
followed by the f22 (Q
2) and g21(Q
2) terms. The term f2(Q
2)g1(Q
2) is the dominant interference term. We also find
that there is not much effect of different parameterizations for the vector nucleon form factors fp,n1,2 available in the
literature on the angular distribution for both Λ and Σ0. The present results are in agreement with the results of
Mintz and collaborators [17–19].
The angular distribution ( dσ
dΩ) for e
−p → νeΛ and e
−p → νeΣ
0 reactions have also been calculated by Hwang et
al. [16] using two different models, i.e., the Dirac Harmonic Oscillator Model (DHOM) and the MIT bag model, for
12
calculating the form factors. In Fig. 6, we have compared our results with the results obtained in these quark models at
the incident electron energy ELe = 0.5 GeV. Our results are qualitatively similar to their results but are quantitatively
smaller specially in the case of Λ production due to the different couplings used in the numerical calculations.
In Fig. 7, the results are presented for dσ
dΩ for the processes e
−p → νeΛ and e
−p → νeΣ
0 by varying MA from 0.9
GeV to 1.2 GeV at the two incident electron energies of ELe = 0.5 GeV and E
L
e = 1 GeV. We find that the sensitivity
of dσ
dΩ to the axial vector form factor is more for e
−p → νeΛ than e
−p → νeΣ
0 process. It should be possible to
determine the values of MA from the observation of
dσ
dΩ for e
−p→ νeΛ.
In Figs. 8–10, we present the results for the longitudinal and perpendicular polarization observables. To study the
dependence of PL(Q
2) and PP (Q
2) on MA, we have presented the results for PL(Q
2) and PP (Q
2) at the incident
electron energies ELe = 0.5, 1 and 1.5 GeV for e
−p → νeΛ process in Fig. 8 and e
−p → νeΣ
0 process in Fig. 9,
respectively, by taking the different values ofMA, from 0.9 GeV to 1.2 GeV [54–56]. We observe that the polarization
observables (PL(Q
2) and PP (Q
2)) in case of the Σ0 production are more sensitive to the variation in the value ofMA
as compared to the Λ production. Also with the increase in energy, the sensitivity of the polarization observables
especially PL(Q
2) increases for both Λ and Σ0 which is clearly evident as the percentage difference in PL(Q
2) at Q2 =
0.15 GeV2 is ∼ 4%(7%) for ELe = 0.5 GeV for Λ(Σ
0) and at Q2 = 0.8 GeV2 is ∼ 2%(7%) for ELe = 1 GeV and ∼
6%(28%) for ELe = 1.5 GeV for Λ(Σ
0).
To see the dependence of the polarization observables on ELe , we have integrated PL(Q
2) and PP (Q
2) over Q2 and
obtained PL(E
L
e ) and PP (E
L
e ) defined as [47]
PL,P (E
L
e ) =
∫ Q2max
Q2min
PL,P (Q
2) dσ
dQ2
dQ2∫ Q2max
Q2
min
dσ
dQ2
dQ2
. (39)
The results for the polarization components PL(E
L
e ), PP (E
L
e ) vs. E
L
e are presented in Fig. 10 for the e
−p → νeΛ
and e−p → νeΣ
0 processes at the two different values of MA = 1.026 GeV and 1.2 GeV. From the figure, it may be
observed that PL(E
L
e ) is more sensitive to this variation in MA than PP (E
L
e ).
IV. SUMMARY
We have studied in this work the differential and total scattering cross sections as well as the longitudinal and
perpendicular components of the polarization for Λ and Σ0 hyperons produced in the quasielastic reaction of the
electron on free proton. The form factors for the nucleon-hyperon transition have been obtained using the Cabibbo
theory assuming SU(3) invariance. The sensitivity of dσ
dΩ , σ, PL(Q
2) and PP (Q
2) to the axial mass MA has been
studied.
To summarize our results we find that:
1) Even though the production of the hyperons (Λ,Σ0) is Cabibbo suppressed as compared to the ∆0 production,
it may be comparable to the ∆0 production in the region of low electron energies due to the threshold effects.
We find that in the energy region of 0.4 to 0.8 GeV, the Λ production could be ∼ 80%–17% of the ∆0 production.
The cross sections are of the order of 10−41 cm2 which could be observed at the electron accelerators specifically
at MAINZ and JLab with the low energy electron beams.
2) We observe that the differential as well as the total cross section for the Λ production is more sensitive to the
variation in the value of MA as compared to the Σ
0 case. This is because in the case of Λ production the
dominant contribution to the cross section comes from the axial vector form factor g1(Q
2), whereas the vector
form factor f2(Q
2) dominates in the case of Σ0.
3) The longitudinal and perpendicular components of polarization PL(Q
2) and PP (Q
2) are sensitive to the value
of axial dipole mass MA, especially PL(Q
2) for Λ as well as Σ0 production. It will enable us to make the
measurements for the axial vector form factor independent of the cross section measurements.
Appendix A
Expressions of α(Q2) and β(Q2) in terms of Mandelstam variables:
s = m2e +m
2
N + 2mNEe,
t = −Q2,
u = m2e +m
2
N +m
2
Y − s− t
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are
α(Q2) = 32
[
f21 (Q
2)
(
(mN +mY )
(
(mN −mY )
2 − t
))
+
f22 (Q
2)
(mN +mY )2
(
(mN +mY )t
(
(mN −mY )
2 − t
))
+ g21(Q
2)
(
(mN −mY )
(
t− (mN +mY )
2
))
+ f1(Q
2)g1(Q
2)
(
−2mY
(
m2N + 2m
2
e +m
2
Y − 2s− t
))
+
f1(Q
2)f2(Q
2)
(mN +mY )
((
m2N −m
2
Y
)2
− 4mNmY t− t
2
)
+
f2(Q
2)g1(Q
2)
(mN +mY )
(
m4N +m
2
N
(
m2e − 2(s+ t)
)
− 2mNm
2
emY −m
2
e
(
3m2Y + t
)
−
(
m2Y + t
) (
m2Y − 2s− t
))]
, (A-1)
β(Q2) =
16
mY
[
f21 (Q
2)
(
−2m3NmY +m
2
N
(
m2e + 2m
2
Y − t
)
+ 2mNmY (s+ t) +
(
m2Y − t
) (
m2e − 2s− t
))
+
f22 (Q
2)
(mN +mY )2
(mN +mY )
(
m2e(mN −mY )
(
m2N +m
2
Y
)
− t
(
m3N +m
2
NmY + mN
(
m2e −m
2
Y − 2s
)
− m2emY +m
3
Y
)
+ t2(mN +mY )
)
+ g21(Q
2)
(
2m3NmY +m
2
N
(
m2e + 2m
2
Y − t
)
− 2 mNmY (s+ t) +
(
m2Y − t
) (
m2e − 2s− t
))
+ f1(Q
2)g1(Q
2)
(
2
(
m2N
(
−m2e + 2s+ t
)
+ m2e
(
m2Y + 2s+ t
)
+m2Y t− 2s
2 − 2st− t2
))
+
f1(Q
2)f2(Q
2)
(mN +mY )
(
2
(
m4N (−mY ) +m
3
N
(
m2e − t
)
+m2NmY
(
m2Y + s
)
+mN
(
m2e
(
m2Y − t
)
+ t
(
m2Y + 2s+ t
))
− mY
(
m2Y − t
)
(s+ t)
))
+
f2(Q
2)g1(Q
2)
(mN +mY )
(
2
(
m4N (−mY ) +m
3
N
(
t−m2e
)
−m2NmY
(
m2e +m
2
Y − 3s− 2t
)
+ mN
(
m2e(s+ t) + t
(
m2Y − t
))
+mY
(
m2e
(
m2Y + 2s+ t
)
+ (s+ t)
(
m2Y − 2s− t
))))]
(A-2)
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